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CIRCUIT SUBSTRATE, MANUFACTURING METHOD THEREOF, ELECTRO- 
OPTICAL DEVICE, AND ELECTRONIC APPARATUS 



0 ^ C JC/ ^ BACKGROUND OF THE INVENTION 



* \ T. 1) Field of Invention 

^ fOOOll The present invention relates to a circuit substrate used for an electro-optical 

* ^eviperswch as a display panel or the lik^ a$^articularl^tfo a configuration for ^p^ gg^^^ ^ 

prevention of electrostatic breakdown during manufacturing or operating of the circuit r ^4*cA v^n* 

an 

substrate. 

2. Description of Related Art^^jO 

[0002] With some Circuit substrates used for electro-optical device^s^ph as active- 
matrix-driven liquid crystal display panels, EL (electro-luminescence) display panels, or the 
like, an-angomcntofa^ an electrostatic-protection configuration $Y 

provided Wpreventi^g breakdown of the internal circuit due to static electricity occurring 
during manufacturing or operation. ^ W f^jf^T 

[0003] As eeeveatiffBdrelectrostatic-protection configurations^i^^agesaesats-ape 
kriowil wheietH terminals are connected with protection patterns with the adjacent terminals 
short-circuited or connected with a resistance during manufacturing, arid the protection 
patterns are cut off following completiog-ss disclosed in Japanese Unexamined Patent 
Application Publication No. 58-1 1657 JT ffotent doc umea^ or Japanese Unexamined Patent , 
Application Publication No. 63-106788 ( P atcii i dui m ii CT rr2), d^arrang ^ ^ ' ^ 

wherein all the disposed terminals are short-circuited along the perimeter of the substrate ^J^^^ 
outward from the disposed terminals during manufacturing as disclosed in Japanese 
Unexamined Patent Application Publication No. 2-242229 (Pat e nt dee^eaU), Japanese 
Unexamined Patent Application Publication No. 7-181516 ^afeK^-^cmHenH^, and Japanese 
Unexamined Patent Application Publication N(^-^086^ (Patont doc ument §}-^^ ^ ^ ^JZjJI 

[0004] F u i thc n nof^ iectrostatic protection configurations hawfteett printed- f 
wherein resistances in the range causing no problem with regard to operation of the data lines 
and the scan lines are added, and accordingly, a step fef cutting off the protection patterns can 
be eliminated even following electrical testing, and apo electrostatic breakdown can/be 
(prevented in the final product, as disclosed in Japanese Unexamined Patent Application 
Publication No. 63-085586 (Patent docmiiei>K>) , Japanese Unexamined Patent Application 
Publication No. 2-061618 (Patent^tonnnenTT)- Japanese Unexamined Patent Application 



Publication No. 6-273783 {Ea toU JulujuuU 0) , and Japanese Unexamined Patent Application 
Publication No. 8-179360 (Pa t ent docu ment^). 
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[0014] However 



• arrangements havo been disclosed wherejp^a circuit 



substrate including a layout %^upplyi^ various types of signa4s£njas analog si |g^^ ^ r 

a configuration &^efficiently^reventi^, 



digital signals and various kinds of poten 
electrostatic breakdown while^^enti^^ros^j^l^ 

[001 5] Furthermore, while Configurations having predetermined protection patterns 
at each terminal ba r e b o cn ^disriosed, theirelation between the protection patterns ha3 not boa 

[0016] The present invenrionTTtts-been marip solve%ie above-*k*>uibcd problems, 
and it io an objoot thereof to provide"? circuit substrate,>£nanufacturing method thereof, a* 
electro-optical device, and/electronic apparatus, having electrostatic-breakdown-prevention 
functions suitable for a layout fef^ply^g various types of signajgjch as analog signals 
and digital signals and various kinds of potential. 



3 ^cbJ^ 
[0017J A circuit substrate according to the present invention comprice ^multiple 
terminals formed on a substrate, and one or more resistances formed between the terminals 
adjacent one to another. The multiple terminals include analog terminals connected to analog 
signal lines ?5r^pplyih£ analog signals, and digital terminals connected to digital signal lines 
fe^ppl^g digital signals. Furthermore, the resistance which has at least one end thereof 
connected to sa^ analog terminal, has a resistance value greater than the resistance connected 

between the digital terminals. 

[001 8] Analog signals are influenced by cross-talk, and accordingly, there is the 
need to reduce the influence of the adjacent lines as compared with digital signajgwhile 
maintaining prevention of electrostatic breakdown. With the present invention, the resistance 
connected to an analog terminal is grea^dianthe resistance conne^edtc^a djgtjHgmin^ 
thereby providing the advantage of ^u^resshigjrosytalk to a^immum in the analog 
termingwhile maintaining pr^lolTof^inhTterminals from static electricity with the 
resistances. 

[001 9] Note that "connecting to an analog terminal" means that at least one end of a 
resistance is connected to an analog terminal, and "connecting between digital terminals" 
means that both ends of a resistance are connected between digital terminals. 

10020] Furthermore, with the present invention, "circuit substrate" means a substrate 
whef^jSr^ing has been made ^Spplyi^ various kinds of signals and potential, and the 
circmTcOTifiguration thereof is not restricted to a particular one. For example, the circuit 
substrate may be a display panel substrate having a display function, or may be a substrate 

used for a computer. 

[0021] Furthermore, with the present invention, "resistance" means not only a 
resistance-film configuration, having a predetermined resistance value, formed of a 
semiconductor film such as polysilicon or the like, but also a protection circuit employing the 
forward voltage characteristic and reverse voltage drop due to the PN junction of a 
semiconductor, which is employed along with or instead of the resistance-film configuration. 
For example, the resistance may include a protection circuit configuration employing PN 
junction configurations in the reverse directions (e.g.,£onfiguration whereof} diodes in the 
forward direction and the reverse direction are connected in parallel). yJb±Q&$> 

[0022] Furthermore, a circuit substrate according to the present invention eemjwwes 
a common electrode line formed on the perimeter of a substrate, multiple terminals formed on 
the substrate, and one or more resistances formed between the terminals and the common 



electrode line, wherej^ the multiple terminals include analog terminals connected to analog 
signal lines ^supplyijig analog signals, and digital terminals connected to digital signal lines 
^supplyfjfg digital signals. Furthermore, the resistance connected to the analog terminal has 
a resistance value greater than the resistance connected to the digital terminal. 

[00231 Furthermore, a circuit substrate according to the present invention coaajjris^ 
a common electrode line formed on the perimeter of a substrate, multiple terminals formed on 
the substrate, one or more first resistances formed between the terminals adjacent one to 
another, and one or more second resistances formed between the terminals and the common 
electrode line. 

[0024] That is to say, with a configuration where^the first resistance and the 
second resistance are connected in parallel, even in the event that the first resistance between 
an analog terminal and the adjacent terminal has a somewhat great resistance value, the total 

resistance value is greatly reduced due to the parallel connection, thereby efficiently providing 

-COW***** ) 

prevention of electrpsxatic breakdown. 

i25] In this case, with a configuration wherein a terminal is connected to both the 
first resistance and the second resistance, the first resistance preferably has a resistance value 
greater than the second resistance. The second resistance connected to the common electrode 
line has a low resistance value, and accordingh^gre^ter electrostatic current flows in the 
second resistance, thereby efficientlypreventiVtgihe internal circuit from electrostatic 

discharge. " 

[0026] In this case, the multiple terminals include analog terminals connected to 
nalog signal lines W^upplyi^ analog signals, and digital terminal connected to digital 
ignal lines feif/Sipplyih^ digital signals. Furthermore, both the first resistance and the second 
resistance which have at least one end thereof connected to the analog terminal, have 
resistance values greater than both the first resistance which is connected between the digital 
terminals, and the second resistance which is connected between the digital terminal and the 
common electrode line. The analog terminal f^transmitti)a^ analog signals, where cross-talk 
tends to occur, is connected to a resistance greaterthan with the digital terminal, thereby 
suppressing cross-talk to a/fninimum while maintaining^revention of electrostatic 
breakdown. 

[00271 A modification of the abo\ie-described circuit substrate according to the 
present invention further oemprieeg electric power terminals connected to a power source, and 
resistances formed between the electric power terminals and adjacent non-electric power 



an 

si 



terminals formed for purposes other than supplying power. The electric power terminals are 
formed with low impedance, and accordingly^ with the modification, the non-electric power 
terminals are connected to the electric power terminals with resistances, thereby efficiently V^^^ 
preventing electrostatic breakdown. 

[0028] In this case, the resistance has a resistance value equal to or less than the 
resistance connected to other non-electric power terminals. With the modification, the 
electric power terminal is connected to a resistance having relatively low resistance value in 
the same way as with the common electrode line, and accordingly, greater electric current 
flows to the electric power terminal through the resistance. £^ 
[0029] A circuit substrate according to the present invention <&m&a&e/ 1 common 

electrode line formed on the perimeter of a substrate, data terminals connected to data lines 

for supplying analog signals, control signal terminals connected to control signal linej^__^. 
suppfyijJfedjgital signals, electric power terminals f&^supplyi^ negative electric power or 
posMveelectric power, first resistances connected between the terminals adjacent one to 
another, and second resistances connected between the termmals. 

[0030] In this case, in the event that any of said terminals are connected to both the 
first resistance and the second resistance, the first resistance preferably has a resistance value 
greater than the second resistance. The second resistance connected to the common electrode 
line has a low resistance, and accordingKQreater electrostatic current flows to the second 
resistance, thereby efficiently protecting-me internal circuit from electrostatic discharge. 

[0031] In this case, both the first resistance and the second resistance which have at 
least one end thereof connected to the data terminal, preferably have resistance values greater 
than any of the first resistance connected between the control signal terminals, the first 
resistance connected between the control signal terminal and the electric power terminal, the 
second resistance connected between the control signal terminal and the common electrode 
line, and the second resistance connected between the electric power terminaland the 
common electrode line. The data terminals transmit analog signals whergfo^ss-talk tends 
to easily occur, and accordingly^ with the circuit substrate, the^is^nce^onnected to th| dati^ 
terminal preferably has aereat resistance value in order to/suppress cross-talk to a Minimum 
while maintaining prevention of electrostatic breakdown. 

[0032] An electro-optical device according to the present invention includes a 
circuit substrate having a configuration according to the present invention, and furthermore, 



an electronic apparatus according to the present invention includes the aforementioned 
electro-optical device. . 

[0033] Here, "electro-optical device" means a device ^cbnverti^he change in 
electric signals into the change in light using electro-optical effects, and while not restricted 
to any particular one, typical examples include a liquid crystal display panel having a 
configuration so as to drive a liquid crystal layer with the active-matrix driving method, an 
EL display panel having a configuration so as to drive EL devices, and the like. 

[0034] Furthermore, "electronic apparatus" means an apparatus which includes an 
electro-optical device as a component so as to have predetermined functions, and while not 
restricted to any particular one, typical examples include cellular phones, video cameras, 
personal computers, head mount displays, rear or front projectors, facsimile apparatuses with 
display functions, di^t^am^m^lewfmder^portable TV sets, DSP devices, PDAs, 
palmtops, and th^like, (or e^a^A*'. 

[0035] F^heffilofeTaln^^ method according to the present invention, for 

a circuit substrate including a common electrode line on the perimeter thereof and multiple^ ^ 
terminals on the inner side of the substrate from the common electrode line, complied a c tep 
f$ forming one or more first resistance configurations on regions between the terminals 
adjacent one to another, 4k3tep=fer forming one or more second resistance configurations on 



regions between the terminals and the common electrode l^e^^^^ferfo^rming the tenmnah 
which are electrically connected to a part of the first resistance configurations &rfmrtnhf> 
second resistance configurations, s gid g^ ^^^iming the common electrode line which is 
electrically connected to a part of the second resistance configurations. 

[0036] ^tote that^ere is no need to separate the st ep fo r forming(the first resistance 
configuration and the stop fo g forming/fee second resistance configuration. Both the 
resistance configurations may be formed in a single step using a single resistance film. In the 
same way, there is no need to separate the st op f or forming the terminals and the step^b? 
forming ffie^common electrode line. Both the terminals and the common electrode line may 
be formed in a single step using a single metal layer. 

[0037] In this case, the first resistance configurations and the second resistance 
configurations are preferably formed so that the first resistance configuration has a resistance 
value greater than the second resistance configuration. The second resistance connected to 
the common electrode line has a low resistance value, and accordingl^^ater electrostatic 
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current flows to the second resistance, thereby efficiently protecting the internal circuit from 
electrostatic discharge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] Fig. 1 is a plan view which illustrates a circuit layout of a circuit substrate 
according to a first/^^otoient of the present invention^ 

[0039] Fig. 2 is a schematic rihgrnm which illustrates a circuit layout on a resistance 
region according to the first/embodiment^ 

[0040] Figs. 3^^hrou^^ an example of a resistance configuration 

according to the first^m^dunent, wtere^Fig. 3&fts a fragmentary enlarged plgnaew 
thereof, and Figs. 3$fthrough 3<^ are cross-sectional views taken along line^B-B, C-C, D- 
D, and E-E, respectively, in Fig. 

[0041] Fig. 4fsliows an example of a protection circuit formed of diode arrays, 
which is a modification of the resistance according to the present invention; 

[0042] Fig. 5 is a schematic ^diapas* which illustrates a circuit layout on a resistance 
region according to a second'ra^oduneny 

[0043] Fig. 6 is a schematic diagsam. which illustrates a circuit layout on a resistance 
region according to a tWrd^mfodhn^^' 

[0044] Fie. 7 is a schematic diagram which illustrates a circuit layout of a display 
panel which is an electro-optical device fording ^^^mWe^b^dimen^' 

[0045] Figs. Stytf trough 8^show examples of electronic apparatuses according to 
tK^ifthfem^ examples in which the display panel of the present invention is 

applied, wherejfi Fig. 8^iHustrates a cellular phone, Fig. 8{fff Sustrates a video camera, Fig. 
8<)<fiJ^strates a portable personal computer, Ipg. 8j$f illustrates a head mount display, Fig. 
8^illustrates a rear projector, and Fig. 8^illustrates a front projector. 

DETAILED DESCRIPTION OF PREFER RED EMBODIMENTS 

[0046] ^description will bo made now regardin^embodiments according to the 
present invention withreference to the drawings. 

<FirstMEmbodiment> Ajsrt 

[0047] With a first/embodiment of the present invention, the present invention is 
applied to a circuit substrate f^lbrmi^ an EL d ]j^y >anel includin 8 EL devices as electro- 
optical devices. In particular, the presentfenbodimenn-elates to a circuit substrate with a 
control signal line kjrSnsmitti^g digital signals for a scan circuit and a data line 
transmitting analog signals adjacent one to another. 
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[0048] Fig. 1 is a plan view of an EL display panel 1 accordjngjgjhe present first ttfeW^y 
embodiment. As shown in Fig. 1, the circuit substrate 1 ctsapnssf cathode lines 10a and 10b, 
anode lines 1 la and 1 lb, scan circuits 12a and 12b, a data line group 13, and a scan line 
group 14, disposed on a substrate 100. With the presentfembodiment, a large display panel is 
employed, and accordingly, each pair of the identical circuits are disposed with the image 
display area DA introduced therebetween, and electric power, signals, and the like, are 
supplied from both sides thereof. 

100491 The cathode lines 1 0a and 1 0b serve as contact regions to the cathode which 
is a common electrode. A n unshow ^cathode electrode filmfis formed so as to be connected 
to the aforementioned cathode lines and so as to cover the entire substrate, thereby enabling 
electrostatic current to be supplied to a luminescence layer (not shown) of the EL devices 
formed between both electrodes formed at each unshown pixel. The anode lines 1 la and 1 lb 
are formed l^providi^power lines between the scan lines f&^supplyi^fe electric power to__^ 
each pixel with low impedance. The scan circuits 12a and 12b have a configurati on ) 
scafu^g^ a)flesired scan line 14 according to control signals. 

^-^[0050] Multiple terminals are formed on the substrate 1 00 along the longitudinal 
sides, wherein each line is connected to each terminal. Cathode terminals Vc are connected 
in parallel to multiple terminals in order to reduce the impedance thereof. Anode terminals 
VG, VB, and VR, are formed so as to supply independent electric power for each of the three 
primary colors, and multiple terminals are disposed for each of the three primary colors in 
order to reduce the impedance thereof. The control signal terminals CI through C6 are 
formed ^supply^g control signals for the scan circuit 12a and 12b. The data supplied from 
the terminals includes digital signals for control and electric power for the scan circutts^The 
data line terminals XnR, XnG, and XnB, (1 < n < N) serve as termmals^^^nect^ea^i of 
data lines 13. With the configuration shown in Fig. 1, data line terminals are disposed so that 
pixels adjacent in the longitudinal direction are connected to the terminal units made up of 
three terminals for red, green, and blue, on alternating longitudinal sides thereof in order to 
reduce non-uniformity in display due to voltage drop in the datelines. While pixel circuits 
disposed within the image display area DA are not shown ^fsimplify^g description, each 
pixel circuit is disposed so as to be connected to one of the data lines and one of the scan lines 
of the active matrix formed of the data line group 13 and the scan line group 14. With the 
above-described configuration, data is written to each pixel circuit through the data line so 
that the EL device within the pixel circuit emits light with output corresponding to the 



aforementioned written data by selection of the scan line and control from an iH*sfes=?i=r? 
emission controHmer — 

[0051] On the other hand, a common electrode 101 is formed on the substrate 100 at 
the perimeter thereof so as to surround the substrate 100. Furthermore, a resistance region 
102 according to the present invention is formed so as to contain each terminal and so as to be 
connected to the common electrode 101 . The adjacent terminals are electrically connected 
one to another with a resistance (first resistance) between the adjacent terminals formed on 
the resistance region 102, and each terminal is electrically connected to the grounded 
potential with a resistance (second resistance) between, the ter^naUga^^ommon 
electrode, thereby enabling electrostatic breakdown to be^revenf ed. 

[0052] Nead^oescription w4H bi niad^ r^iMygTEgrela^^fTOnnection between 
the terminals, the common electrode, and the resistances, on the resistance region 102, with 
reference to Fig. 2. In order to further simplify description, the great number of identical 

terminals are not shown in Fig. 2, ^nu^^f 

[0053] As shown in Fig. 2, with the present first/embodiment, the cathode terminals 
VC, the anode terminals VR, VG, and VB, the control signal terminals CX and CY, and the 
data line terminals XI and X2, are disposed in that order from the outer perimeter to the inner 
side of the substrate. Of these terminals, the data line terminals serve as analog terminals&r^. 
transimftSgjilalog signals, and the control signal terminals serves as digital terminals_^33^ 
transWfu^digital signals. The cathode terminals are electrically connected to me common 
electrode, and the anode terminals serve as electric power terminals^WgOb^^ac^se that 
the electric power of the anode is actively changed, an arrangement may be made wh ^Ttjj ^ 
anode terminals serve as digital terminals for a countermeasure against electrostatic 
breakdown. 

[0054] Resistances Rl are formed between: each of the cathode terminals VC, the 
anode terminals VR, VG, and VB, and the control signal terminals CX and CY; and the 
common electrode 101 . Furthermore, resistances R3 are formed between adjacent terminals 
of the cathode terminals VC, the anode terminals VR VG, and VB, and the control signal 
terminals CX and CY. Furthermore, resistances R4 are formed between the adjacent 
terminals of the data line terminals XI, X2, . . ., and between the data terminal XI and the 
control signal terminal CY. Furthermore, resistances R2 are formed between: each of the data 
line terminals XI and X2; and the common electrode 101. 
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[0055] With the present invention, the resistance wherei^a^least one end is 

connected to an analog terminal has a resistance value greater marfthe resistance connected to 

adjacent digital terminals. That is to say, of the resistances connected between adjacent 

terminals, the resistance R4 connected to the data line terminal XI or the like is set to have a 

resistance value greater than the resistance R3 connected to the control signal terminals CX 

and CY (R3 < R4). Analog signals are influenced by cross-talk, and according^t^e 

influence of the ^djaceirtlines^feould be reduced as compared with digital signg^even while 

maintahiing(pre^ breakdown. With the present invention, the resistance 

connected to the analog terminal is greater than the resistance between the digital terminals, 

and accordinglv(f§ross-talk can be reduced to atainimum in analog terminals <while 

^QtA^c^f^ or <2~S 
maintaining^prevemion of electrostatic breakdown in all the terminals. 

[0056] Furthermore, with the present invention, the resistance connected to the 
analog terminal is greater than the resistance connected to the digital terminal. That is to say, 
of the resistances connected between each terminal and the common electrode, the resistance 
R2 connected to the data line terminal XI or the like is set to have a resistance value greater 
than the resistance Rl connected to the control signal terminals CX and CY (Rl < R2). The 
reason is the same as above. 

[0057] Furthermore, with the present invention, the resistance value of the first 
resistance formed between the adjacent terminals is greater than that of the second resistance 
formed between any of the aforementioned terminals and the common electrode. That is to 
say, with regard to the resistances R4 and R2 connected to the data line terminal, R4 serving 
as the first resistance is set to have a resistance value greater than R2 serving as the second 
resistance, and with regard to the resistances R3 and Rl connected to the signal control 
terminal, R3 serving as the first resistance is set to have a resistance value greater than Rl 
serving as the second resistance. With the above-described configuration, the second 
resistances R2 and Rl connected to the common electrode 101 are set to have small resistance 
values, and accordingly, electrostatic current isrgreater as compared with the first resistances 
R4 and R3, thereby efficientiypreventinglhe internal circuit from electrostatic breakdown. 

[0058] FurthermofeTWitlTtlie prisenthivention, both of the first and second 
resistances wh^^at)east one end thereof is connected to the analog terminal have 
resistance values greater than both of the first resistance connected between the adjacent 
digital terminals and the second resistance connected between the aforementioned digital 
terminal and the common electrode. 
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[0059] That is to say, both of the resistances R2 and R4 connected to the data line 
terminals XI or X2 are set have to resistance values greater than both of resistances R3 and 
Rl which are not connected to any data line terminal and are connected to the control signal 
terminals CX or CY. The analog terminals, wherein crog-ta^ends to ^^^^'^l, ^ 
greater resistance values, and thusf crfcss-talk can be Suppressed to a^nimui3epvhile 
maintainingvprevention of electrostatic breakdown. 

[0060] Furthermore, with the present invention, a resistance is formed between an 
electric power terminal and the adjacent non-electric-power terminal. That is to say, the 
anode terminal VB is adjacent to the control signal terminal CX, whej^Jjb resistance R3 is 
formed therebetween. In general, the power electric terminals have low impedance, and 
accordingly, with the configuration of the present invention, electric power terminals are 
connected to the non-electric-power terminals with resistances, thereby efficientlyfpreventing 
electrostatic breakdown. 

[0061] Note that^e resistance connected to the electric power terminal has a 
resistance value equal to or less than the resistance connected to other non-electric-power 
terminals. That is to say, the resistance connected to any of the anode electrodes VR, VG, 
and VB, are set to have a resistance value equal to or less than the resistance connected to any 
of the control signal terminals CX and CY. In general, power electric terminals have low 
impedance, and accordingly, with the configuration of the present invention, electric power 
terminals are connected to the non-electric-power terminals with relatively low resistances, so 
even greater electrostatic current can be transmitted to the electric power terminals through 
resistances connected to the electric power terminals^ p 

[0062] Summarizing the above-describ<^relatio^^ Rl « R3 < R2 < R4 

holds with regajd to the res^ance value^son the resistance region 102. ^fete^at^ctrostatic 
breakdownxan bo^revented even in the^yent that the above-described relatioi^is not 
satisfied. C c > " ' _ «~*9- 

[0063] Neactjfescription v«H-be-»ad£ regarding a layer configuration ofthe 
resistance region 102 with reference to ^an enlarged gn view shown in Fig. 3$^f5hd cross- 
sectional diagram shown in Figs. 3(^through 3$J. These drawings are enlarged diagrams 
for a region containing two terminals (Tl and T2) and the common electrode 101. Each 
resistance has a similar resistance configuration even while the resistances have different 
resistance values, and accordind^tke configurations of these terminals can be understood in 
the same way. 



or 
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[0064] A resistance configuration between adjacent terminals (first resistance 
configuration) Rx serves as a resistance between the terminals Tl and T2, and is determined 
by the width Wx and the distance DX between adjacent terminals in the plan view. A 
resistance configuration Ry between a terminal and the common electrode (second resistance 
configuration) serves as a resistance between: any of the terminals Tl and T2; and the 
common electrode CE, and is determined by the width Wy and the distance Dy between 
adjacent terminals in the plan view. These resistance configurations Rx and Ry are formed of 
a semiconductor film. Taking the thickness of the semiconductor film to be constant, the 
resistance value of each resistance configuration is determined corresponding to the width W 
and the distance D. That is to say, with the resistivity of the semiconductor film as p, and 
with the thickness of the semiconductor film as t, the relation R = p ■ D/(W • t) holds. 
Accordingly, each desired resistance value according to the above-described relation can be 
provided by adjusting the width and distance of the patterned semiconductor film <^fete4bg £) 
ifc j s ncc dl c3 3 to sgy4k&tffie resistance value may be controlled by adjusting the thickness of 
the semiconductor film or adjusting concentration of impurities. ^FhaHs t^say^ the event 
of increasing the thickness of the semiconductor film, the cross-sectional area of the 
semiconductor film is increased, and accordingly, the resistance value is reduced 
corresponding thereto, and converse)^jS)the event of reducing the thickness, the cross- 
sectional area is reduced, and according^^e resistance value is increased. On the other 
hand, the greater the concentration of impurities is, the smaller the resistance value is, and 
conversely, the smaller the concentration of the ^"^g jgjj? e ^J^cLS* resistance is * 

[0065] ?#©34t^Jescription w ill bo ma de^fegarding layer^configurations of the 
resistance configurations. As shown in Figs. 3^ through 3^,llese resistance 
configurations are formed by patterning a semiconductor film 201 formed on a substrate 200 
in the corresponding form. An insulating film 202 is formed on the semiconductor film 201, 
and a metal layer 203 is further formed thereon so as to be patterned in the forms of terminals, 
lines, and common electrodes. As described above, each resistance value can be controlled 
by adjusting the patterned form of the semiconductor fUrri^Ol . 

[0066] ( description wall be m^df below in brief regarding a manufacturing method 
for the above-described resistance configurations. 

[0067] First of all, the semiconductor film 201 is formed on the glass substrate 200 
formed of silica glass, non-acrylic glass, or the like. While the semiconductor film is 
preferably formed of polysilicon due to the suitable resistance of polysilicon of several 
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kQ/square, an arrangement maybe made where^ the semiconductor layer is formed of a 
high-resistivity materi^such as amorphous silicon, ITO, or the like. The semiconductor film 
is formed with the forrttation method whe^ej^lmorphous silicon is deposited with the low- 
temperature plasma CVD method, and subsequently, the deposited amorphous silicon film is 
crystallized by a laser such as an excimer laser or the like, for example. £teto-&et ^^yQ * *v 
arrangement may be made wherein the semiconductor film is formed with other&nown 
methoSg., t&e'spin coating method, ti^droplet-discharge method, t^glow Pgssure^^, 
chemical vapor deposition method (LPCVD method), or tfisCVD method^ vThe thickness of 
the semiconductor film 201 is determined based upon the required resistance value and the 
form of the semiconductor film. 

[0068] Following formation of the semiconductor film, patterning is performed with 
a known photolithography method or the like so as to form required resistance configurations, 
'^ote^fea^^tti/ event of directly forming patterns with the droplet-discharge method, 
Iteming processing on the substrate can be eliminated. 

[0069] Next, the insulating film 202 is formed. The insulating film 202 can be 
formed of silicon oxide, silicon nitride, or TEOS (tetra-ethoxy-silane), for example. While 
the insulating film 202 is prefenib^orrn^ed with the plasma CVD method, the insulating film 
may be formed with otherfiaiown methods, e.g., a coating methsid^ch as the spin coating 
metbetffcr a droplet-discharge meth*sd£9uch as the ink-jet metftouTwhere^ polysilazane 
dissolved in solvent is coated and heated, the low-pressure chemicalyapor deposition method 
(LPCVD method), or the chemical vapor deposition method, whrce^a^ilicon oxide film or 
silicon nitride film is formed. 

[0070] Last of all, the metal layer 203 is formed with the sputter method, the CVD 
method, the droplet-discharge method, or the coating method, and is patterned in the forms of 
the terminals and the common electrode. 

[0071] Jferte-that, ^hile the resistance configurations Rx and Ry are formed of the 
same semiconductor film in the above-described process, the resistance configurations Rx 
and Ry may be formed of different semiconductor films. In this case, formation and 
patterning of each semiconductor film is performed separately for each resistance 
configuration. 

[0072] In the same way, the metal films for the terminals and for the common 
electrodes may be separately formed for the metal layer. 
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[0073^ Wote-*a^p<ection circuit configuration as shown in Fig. 4 may be 
employed as^he-resisfance configuration instead of a resistance Iggi^ch as a semiconductor 
layer, or may be connected to the resistance layer in parallel. Fig. 4 shows an arrangement 
having a protection circuit configuration employing forward-voltage characteristic and 
reverse-breakdown-voltage characteristic due to the PN junction of the semiconductor, and a 
diode-ring configuration wherein two pairs of diode arrays are connected in parallel, in 
reverse directions. Each diode can be formed by performing patterning so as to short-circuit 
the gate and the drain of a MOS transistor, for example, using the MOS process. With the 
present protection-circuit configuration, in the event that the difference between the voltages 
applied to both the adjacent terminals exceeds the withstanding voltage of the diode array, 
electrostatic current flows from the terminal having higher potential to the terminal having 
lower potential, thereby releasing static electricity to the adjacent line. The number of the 
serially-arrayed diodes is determined according to the voltage (e.g., in the range between 10 V 
and 100 V) which is set to trigger electrostatic protection. a&p&fa*^ 

[0074] As described above, according to the present first4mbodiment, with the 
analog terminals for analog signals and the digital terminals for digital signals, the resistance 
value of ther^siSfances connecW to the analog terminals are relatively increased, and thu^*^ 
the preseaffirst the advantage of^uppressm^ cross-talk in the analog 

terminals \©^£Si5iOTtIm^Jnle maintaining^prevention of electrostatic breakdown for all the 
terminals by providing of the resistances. ^ °* ^ 

[0075] Furthermore, with the present first^mbodiment, the resistance value of the 
resistance between the common electrode and the terminal is relatively reduced as compared 
with the resistance between the adjacent terminals, and accordingly, electrostatic current to 
the common electrode is greater than the electrostatic current in the resistance between the 
adjacent terminals, thereby efficiently protecting the internal circuit of the display panel from 

electrostatic discharge. u^d^J^I 

[0076] Furthermore, with the present first/Cmbodiment, a resistance is provided 
between an electric power terminal and the adjacent non-electric power terminal, thereby 
efficiently^ev^in^lectrostatic breakdown. ^k^f^^ 

[0077] Thus, with the circuit substrate of the present first/embodiment, the internal 
circuit of the display panel formed on the glass substrate which tends to be easily charged in 
the manufacturing step can be protected from electrostatic breakdown. Furthermore, even at 
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the time of use in the final product, the internal circuit within the display panel can be 
protected against electrostatic discharge which tends to easily occur at each terminal. 
<Second^^o^n^n^ (>/ fW 

[0078] A second^mbodiment according the present invention relates to an EL 
display panel having the same configuration as with the first^rnbocnment, wherein the layout 
of the analog terminals and the other terminals is different from the layout in the first 

embodiment. <L& nJ^ / 1 

[0079] With the present second/embodiment, the scan circuits 12a and 12b are 
disposed between the cathode line 10a and the anode line 1 la, and between the cathode line 



10b and the anode line 1 lb, respectively, in a P^^TJ^J^ " Fig * ** components 
are disposed in the sarneway as with the first^embodimen^ and have the same functions as 
with the first/ernljodfment, so/description thereof wifrbe' omitted. 

[0080] Fig. 5 is a schematic diagram which illustrates a layout of terminals 
according to the present second^nbodfment. In particular, with the present second <&s*s<*-/ 
embodiment, the control signal terminals CX ands CY are disposed between the cathode 
terminal VC and the anode terminal VR. In order to further simplify description, the great 
number of identical terminals are not shown in Fig. 5 . g^-^^f 

[0081] As shown in Fig. 5, with the present second4mbodiment, the cathode 
terminals VC, the control signal terminals CX and CY, the anode terminals VR, VG, and VB, 
and the data line terminals XI and X2, are disposed in that order from the outer perimeter to 
the inner side of the substrate. Of these terminals, the data line terminals serve as analog 
terminals f» transmit^ analog signals, and the control signal terminals serve as digital 
terminals foyfeansmitf^g digital signals. The cathode terminals are electrically connected to 
tligcornmon electrode, and the anode terminals serve as electric power terminals. M®4©4fesS 
/ fi aAse that the electric power of the anode are actively changed, an arrangement may be 
^— inade wherein the anode terminals serve as digital terminals for a countermeasure against 
electrostatic breakdown. 

[0082] While the layout of the resistances is generally the same as with the first <s&&WOY 
embodiment (Fig. 2), the difference therewith is that the resistance R2 is disposed between 
the anode terminal VB and the adjacent data line terminal XI. That is to say, with the present 
second4m£dnmenf, the non-analog terminal adjacent to the digital line terminal XI which is 
an analog terminal is the anode terminal VB with low impedance, and accordingly^ digital 



signals are transmitted in the adjacent non-analog terminal, and according^pross-talk hardly 
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occurs. In this case, there is no problem of cross-talk, s^iere is no operational problem due 



to reduction of the input resistance, and accordinrf^there is the advantage in providing a 
resistance with a small resistance valu ^^P^^^^ on of ^ lectrostatic breakdown. 
Accordingly, with the present second^mbodiment, the resistance between the anode terminal 
and the data line terminal is set to R2. 

[0083] Other resistance values for the other terminals are seUn the same way as 
with the first(emb<^iment, and accordingly^description thereof wifrtfe omitted. That is to 
say, the relation^of the resistances on the resistance region 102, 

R1«R3<R2<R4 eStfi^^ 
holds^^he^ame way as with the first^mbodiment. Nete4hat ^fectrostatic breakdown can 
befprevented toll certain degr^^en in the event that the above-described relation is not 

satisfied. " yp^4^f 

[0084] As described while the present secon ^ m ^^^^^ s * e same 

advantages as with the firsV^i^ommeitt, with the present second/embodiment, the terminal 
adjacent to the analog terminal is an electric power terminal which is a non-digital terminal, 
and accordingk*4hese adjacent terminals can be connected with a resistance of an even lower 
resistance value, thereby providing further effects ofvprevention of electrostatic breakdown. 
<Third/Embodiment> ^^J^f 

[0085] While a thirdv4nbodiment of the present invention relates to an EL display 
panel having the same configuration as with the first^^odiment, the layout of the analog 
terminals and the other terminals is differ^U^j^^f 

[0086] With the present third/embodiment, a part of the data lines 13 are disposed 
between the cathode line 10a and the anode line 1 la, and between the cathode line 10b and 
the anode line 1 lb, in the plan view shown in Fig. 1 . The other configuration is the same as 
with the first/^ib^meiA. The functions of each component are the same as with the first e^WW^ 
embodiment, sofdescription ther^gw^^s omitted. 

[0087] Fig. 6 is a schematic diagrarruwhich illustrates a layout of the terminals . 
according to the present third/mfo^m©n^ In particular, with the present third ^Jbodiment, 
the data line terminals XI and X2 are disposed between the cathode terminal VC and the 
anode terminal VR. In order to further simplify description, the great number of identical 
terminals are not shown in Fig. 6. Qj^6^(^f 

[0088] As shown in Fig. 6, with the present third/4mbodiment, the cathode 
terminals VC, the data line terminals XI and X2, the anode terminals VR, VG, and VB, and 
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the control signal terminals CX and CY, are disposed in that order from the outer perimeter to 
the inner side of the substrate. Of these terminals, the data line terminals serve as analog 
terminals for transmij^g analog signals, and the control signal terminals serve as digital 
terminals SsrfNransmitjfc^ digital signals. The cathode terminals are electrically connected to 
the common electrode, and the anode terminals serve as electric power terminals, tsfete^fea^ 
|n a case that the electric power of the anode are actively changed, an arrangement maybe 
made where^ the anode terminals serve as digital terminals for a countermeasure against 
electrostatic breakdown. 

[0089] While the layout of the resistances is generally the same as with the first 
embodiment (Fig. 2), the difference therebetween is that the data line terminals XI and X2 
and the cathode terminals VC and anode teminals J^^^j^ sed ad J acent one to a* 10 ** 1 ^ 
respectively. That is to say, with the present thirdtembodiment, the non-analog terminal 
adjacent to the data line terminal XI which is an analog terminal is the cathode terminal VC 
with low impedance, and the non-analog terminal adjacent to the data line terminal X2 which 
is an analog terminal is the anode terminal VR which is an electric power terminal with low 
impedance. No digital signals are transmitted in either of the electrode terminals, and 
accordingfoSTfaardly any cross-talk occurs between both electrode lines and the data line. 
There is noproblem of cross-talk, so there are no operational problems due to reduction of the 
input resistance, and according^wWiere is the advantage in providing a resistance with a small 
resistance value for n preventionof electrostatic breakdown. Accordingly, with the present 
third^mbodiment, the resistance between: each of the cathode terminal and the anode 
terminalf^id the adjacent data terminal; is set to R2. 

[0090] Oth^r resistance values for the other terminals are set i ndi e same way as 
with the firsfi^embodiment, and accordingly^escription thereof w«-b/bmitted. That is to 
say, the relatione!* the resistance values on the resistance region 102, 

R1«R3<R2<R4 /Q ^J^i 
holds, in thesgne way as with the first/eintodirnent. Note-that ^Tectrostatic breakdown can 
be/fcrevented to a'certain degg^yen in the event that the above-described relation is not 

satisfied - &*Jm 

[0091] As describedjb^^^while the present \!cY\xdf mtoo^^^\^ the same 
advantages as with the firsf^^odiment, with the present third/embodiment, the terminal 
adjacent to the analog terminal is an electric power terminal which is a non-digital terminal, 
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and accordingly^ adjacent terminal can be connecte(^th^a resistance of an even lower 
resistance valfelhereby providing further effects of^prevention of electrostatic breakdown. 

[0092] In particular, the data lines ^Snsmit^g analog signals, disposed adjacent 
to non-analog lines ^&ansmitt£4 digital signals, tend to be easily influenced, leading to 
cross-talk. However, with the present/mbodim^t, the data lines are disposed so as to be 
introduced between the electric power lines, and so as to be distanced from the control signal 
terminals J^ansmift^g digital signals, thereby efficiently maintaining prevention of 

electrostatic breakdo^^\^^H 

<Fo\irth^mbodimen^^\^/ 

[0093] A fourth^mbodiment of the present invention relates to an EL display panel 
which is an electro-optical device employing a circuit substrate described in the above 
embodiments. 

[0094] Fig. 7 illustrates a substantive circuit diagram of the display panel 1 
according to tl^j^n/embodSi^nt. The display panel of the present fourtt/embodimerft 
6©3apnse/a^ght-emission layer OLED, which can emit light for each pixel region due to the 
electro-luminescence effect, holding capacitance C for driving the light-emission layer 
OLED, and thin-film-transistors Tl and T2. The scan circuit 12 provides scan lines VselQ4) -v 
to each of the pixel regions. Furthermore, an im sh o w i> external D/A converter/supplies 
analog signals to data lines Vsig(13) through the terminals. The anode line corresponds to 
Vdd. The current for each pixel region is controlled by controlling the scan lines Vsel and the 
data lines Vsig, thereby controlling light emission from the light-emission layer OLED. 

[0095] Nete-fefc jffie aforementioned driving circuit is an example of circuits 
employing EL deices for light-emission components, and other circuit configurations maybe 
employed. Furthermore, an arrangement may be made wherein a liquid crystal display device 
is employed for a light-emission component by su ^|y^^ if y ing the circuit configuration. 

[0096] In particular, the present fourth>4mbodiment has a configuration where^ the 
resistance region 102 is formed on the area where the terminals corresponding to the input 
terminals for each of signals and electric power ^^^^ >rmed9 thereb y pr ° V ^^^^t^y 
electrostatic protection as described in the firsV^m^odm^S through the third/^mbodiment. 
That is to say, with the display panel according to the presenl/en^dim^, the inner circi^tej^ 
such as pixel circuits and the scanning circuks^afj be efficiently protected from electrostatic 
breakdown during manufacturing or at the time of use in the final product due to the functions 
of the substrate circuit of the present invention. 
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<Fiftb4mbodiment> qjgfi^^t 

[0097] A pssseftfc fifthy4nbodiment relates to an electronic apparatus employing a 
display panel which comprises the electro-optical device as described in the above <2^^^f 
embodiment 4. 

[0098] The electro-optical device employing the circuit substrate according to the 
present invention can be applied to various types of electronic apparatuses. Figs. through 
8($ illustrate examples of electronic apparatuses to which the display panel 1 according to the 
present invention can be applied. 

[0099] Fig. 8^ shows an example wherein the pr^ei^nvention is applied to a 
cellular phone, where^ the cellular phone 30 cesapnseTan antenna unit 31, an audio output 
unit 32, an audio input unit 33, an operating unit 34, and the display panel 1 according to the 
present invention. As described above, the display panel according to the present invention 
can be applied to a display ^nit of a cellular phone. 

[0100] Fig. 8$^shows an example wherein the^ggsg^invention is applied to a 
video camera, wherej$ the video camera 40 cesipriee^a TV camera unit 41, an operating unit 
42, an audio input unit 43, and the display panel 1 according to the present invention. As 
described above, the display panel according to the present invention can be applied to a 
viewfmder or a display unit of a video camera. 

[0101] Fig. 8($fshows an example wherein the present invention is appliedt^a^ 
portable personal computer, where^ the portable personal computer 50 co?»^ses^ camera 
unit 51, an operating unit 52, and the display panel 1 according to the present invention. As 
described above, the display panel according to the present invention can be applied to a 
display unit of a computer. 

[0102] Fig. 8^sSows an example wherei^ the present im^jgn is applied to a 
head mount display, wherein the head mount display 60 &&&psist& a belt 61, an optical 
system storage unit 62, and the display panel 1 according to the present invention. As 
described above, the display panel according to the present invention can be applied to an 
image display unit of a head mount display. 

[0103] Fig. 8^shows an example whereinth|gresent invention is applied to a rear 
projector, wherej^the rear projector 70 csmpfktfS casing A, a light source 72,/synthesizing 
optical system 73, j[ mirrors 74 and 75, a screen 76, and the display panel 1 according to the 
present invention. As described above, the display panel according to the present invention 
can be applied to an image display unit of a rear projector. 
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[0104] Fig. 8$^shows an example where ^^^ sent invention is applied to a 
front projector, wherein the projector 80 c©mpm€s X casing 82, an optical system 81, and the 
display panel 1 according to the present invention, wherein an image can be displayed on a 
screen 83. As described above, the display panel according to the present invention can be 
applied to an image display unit of a front projector. 

[0105] Arrangements employing the present invention are not restricted to the 
above-described examples, but ratlj^^ie present invention can be applied to various types of 
electronic apparatuses. Examples to which the present invention can be applied, other than 
the above-described examples, include facsimile apparatuses with display functions, digital 
camera viewfinders, portable TV sets, DSP devices, PDAs, palmtops, electronic signboards, 
and advertising d^splay s^ ^ ^-^^t^' 

p^d vantages] 

[0106] With the present invention, resistances connected to analog terminals have 
resistance values greater than those between digitaUerminals, thereby providing the 
advantage otfsuppressinf cross-talk to a frninimum in the analog terminals^while maintaining v ^^T^ 
prevention of electrostatic breakdown due to the resistance in all terminals. 

[0107] Furthermore, with an arrangement according to the present invention, 
where|§ a first resistance and a second resistance are connected to the terminal in parallel, 
even in the event that the first resistance between the analog terminal and the adjacent 
terminal have a somewhat great resistance value, the total resistance value formed of the 
resistances connected in parallel is greatly reduced, thereby providing efficienttprevention of 
electrostatic breakdown. 

[0108] Thus, with the present invention, the internal circuit of the circuit substrate 
can be efficiently protected from electrostatic discharge occurring due to electrostatic 
charging of the substrate during manufacturing. Furthermore, even at the time of use in the 
final product, the internal circuit can be efficiently protected from electrostatic discharge 
which tends to occur at each terminal. 



